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Abstract 
The changes in the humidity as well as temperature difference between the disc brake and surrounding air were identified as the 
main factors affecting the corrosion built-up.  It was important to study the effect of corrosion on braking frictional 
characteristics. To do so, the corrosion process was first carried out on two different disc brakes labelled as type A and type B 
where both disc brakes were made from gray cast iron but by different manufacturers. The corrosion effect on the discs was 
investigated using two different friction material P-1 and P-2. Friction material P-1 was used for the first disc, while friction 
material P-2 for the second disc. Corrosion process of the disc was carried out in exposed air condition with burnished disc to 
simulate disc corrosion for a parked vehicle. Both corroded discs were then run and tested with the two different brands of 
friction materials P-1 and P-2. The change in brake friction coefficients was analysed using a single-ended brake dynamometer. 
The results showed that the friction materials have their own characteristics that affect the formation of the oxide layer on the 
disc and consequently, the performance of the frictional force of disc brake system. Friction force was also closely dependent on 
the removal of the oxide layer, and by the friction film on the burnished disc surface when applying the brake.  
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
The gray cast iron disc has been widely used in automotive brake system since the early stage of vehicle 
development. The judder problem due to the oxide layers on the gray cast iron disc surface takes a growing interest 
in the brake community and the root cause of the corrosion induced judder phenomena was identified and preventive 
method to reduce the judder from disc corrosion has been sought by brake engineers [1]. The important aspect of 
corrosion on gray cast iron discs brake is assumed to be the oxide layers that cover the disc surface after some brake 
applications. Since the oxide layers play an important role as coating layers on the disc, the thickness of the oxide 
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layers appear very important in the formation of corrosion on the disc surface [2]. Another factor that may affect the 
performance of disc brake corrosion is the composition of the friction material [3].  
 
The composition of friction material may increase or decrease the formation of corrosion on the disc brake 
surface. The disc with corroded surface often causes high torque variation during brake applications due to the 
difference in surface roughness [2]. To improve the corrosion resistance of gray iron disc, the available solution is to 
control the metallurgical parameters and surface modification [3]. Corrosion resistance of gray irons is normally 
improved by the addition of appreciable amounts of alloying elements such as Ni, Cu, Cr, singly or in combination, 
or by increasing the Si content more than 3 wt.% [4]. According to Smith [5], they included the compositional 
modification by changing the alloying elements and the formation of protective layers on the surface. However, 
traditional methods for reducing surface corrosion on brake discs are generally unsuccessful because the alloying 
elements for corrosion resistance often reduce the length of graphite flakes, and the protective surface layers are not 
durable enough during brake applications under severe conditions [6]. Nevertheless, there are few reports of the 
correlation between gray iron disc corrosion and brake performance. Disc brakes using alternative materials, such as 
metal matrix composites, carbon-based composites, and ceramics matrix composites, have been developed as a 
substitute for gray iron discs.  
 
In this paper, the corrosion of disc brake burnished with friction material P-1 and P-2 was investigated and its 
influence on the brake frictional performance was studied. Several tests were carried out using a single-ended brake 
dynamometer test rig at different sliding speed and applied pressure in order to observe the changes in friction 
coefficient and braking torque at variable speed and variable brake pressure.  
 
2. Methodology 
2.1 Test rig 
The experiment was conducted using a single-ended brake dynamometer test rig. The schematic diagram with the 
photo of test rig is shown in Fig. 1. The test rig consists of 11kW output power, variable speed motor driving a gray 
cast iron disc mounted vertically on the shaft. Vertical mounting of the disc allow for close simulation of the 
orientation of frictional contact encountered during the real brake operation. The disc brake system was adapted 
from local passenger car’s brake disc where the brake caliper is mounted to the solid cross bar that attached to the 
stationary shaft. The load cell sensor was attached at the edge of the cross bar which ease the sensor to read the 
braking torque during the brake operation. The force was applied to the brake by using the master pump that 
attached nearby with the AC motor and the pressure was controlled by the wheel adjuster. The speed sensor was 
spotted perpendicularly to the white paper which marked at the shaft of the AC motor. All the sensors were attached 
to the data acquisition system which will obtain the result of brake test.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram (left) and picture of the test rig (right) used for the brake test. 
670   M.K. Abdul Hamid et al. /  Procedia Engineering  68 ( 2013 )  668 – 673 
2.2  Brake tests 
Two different brands of commercial brake pads were used in this experiment and they were labelled as 
friction material P-1 and friction material P-2, respectively. Table 1 shows composition of these two brake pads. The 
disc corrosion process was carried out by first burnishing the disc with the friction material in sliding condition 
where a light pressure of 0.5 MPa was applied to the brake disc for about one hour time period. The burnished disc 
was then exposed to the water spray to simulate the presence of water, mist or wet condition. Next, the disc was 
exposed to the surrounding air at room condition for the corrosion process for about 7 days to simulate the parked-
vehicle that are not being used for a long time. The corroded disc was then used to undergone a brake dynamometer 
test to proceed with the investigation on the influence of corrosion to the frictional performance of the disc brakes. 
The experiments as described in Table 2 were conducted by using a variable speed AC motor to rotate the disc at 50 
rpm, 70 rpm, 80 rpm and 100 rpm. For every speed of motor, the brake pressures applied were 0.5 MPa, 1.0 MPa 
and 1.5 MPa for each stops.  These parameters were used for both specimens of friction materials and disc brake. 
The results of this experiment such as the values of load cell were used to obtain and calculate the value of friction 
coefficient of the brake pads. Data acquisition system was used to record the result of the experiment during the test. 
 
Table 1. Composition of the friction materials 
Friction material P-1 Friction material P-2  
COMPOSITION WEIGHT % COMPOSITION WEIGHT % 
Carbon 51.138 Carbon 29.730 
Oxygen 23.963 Oxygen 37.217 
Sodium 0.461 Magnesium 0.449 
Magnesium 0.527 Aluminum 0.715 
Aluminum 1.213 Silicon 9.558 
Silicon 3.069 Sulfur 3.246 
Sulfur 1.642 Potassium 0.322 
Chlorine 0.445 Calcium 3.256 
Potassium 0.364 Titanium 1.168 
Calcium 1.880 Iron 0.383 
Iron 8.083 Barium 13.956 
Barium 7.216   
 
 Table 2. Brake Dynamometer testing details 
 Disc burnish with: 
Friction material P-1 Friction material P-2 
Pressure (MPa) 0.5, 1.0, 1.5 0.5, 1.0, 1.5 
Speed (rpm) 50, 70, 80, 100 50, 70, 80, 100 
 
3. Results and Discussion 
 
The corrosion effect on the discs using two different friction material P-1 and P-2 was investigated. Two gray cast 
iron discs were undergone the corrosion process after being burnished using friction material P-1 for the first disc 
and friction material P-2 for the second.  Fig. 2 shows results of the two discs after undergone the corrosion process. 
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Fig. 2. Result of disc corrosion process burnished by friction material P-1 and P-2 for gray cast iron disc. 
 
    The results from burnishing on both corrosion process shows obvious differences where more corrosion were 
produced on the second disc when the disc was burnished with pad P-2 compared to the disc burnished with P-1. 
This happened due to the effect of composition of friction materials used in the pad material that form wear particle 
and third body on the encounter disc. In the first disc, formation of oxide layer is very little and not encouraging 
after the disc was burnished with friction material P-1. Meanwhile, for the second disc, after the disc was burnished 
with friction material P-2 more corrosion patches can be observed on the surface of the disc. This shows that the 
composition of friction material P-1 has better corrosion resistance characteristics than friction material P-2. Fig. 2, 
shows the concentration of oxide layer formed on the discs surface for both corroded discs. The average thickness of 
the oxide layer for the second disc was almost doubled the first disc at about 113ȝm and this shows that different 
compositions of friction material will also determine the thickness of the formation of oxide layer. The complete 
measurement for the oxide layer thickness was recorded in Table 3 and Table 4. Therefore, in this study, the friction 
material P-1 can be said to have the element that can reduce the corrosion rate and oxide layer thickness compared 
to friction material P-2.  
 
Table 3. Thickness of oxide layer formed at Disc A 
Reading Disc brake thickness (mm) Thickness of 
oxide layer (ȝm) Normal disc Corroded disc 
1 22.13 22.21 80 
2 22.15 22.22 70 
3 22.15 22.20 50 
Average 22.14 22.21 67 
 
Table 4. Thickness of oxide layer formed at Disc B 
Reading Disc brake thickness (mm) Thickness of 
oxide layer 
(ȝm) 
Normal disc Corroded 
disc 
1 22.05 22.16 110 
2 22.11 22.21 100 
3 22.07 22.24 170 
Averag
e 
22.08 22.20 113 
 
Next, friction coefficient (CoF) changes during the normal braking operation with increasing sliding speeds at 
different applied pressure were investigated. The braking test was performed by using the two corroded disc labelled 
as Disc A burnished with friction material P-1 and Disc B burnished with friction material P-2. 
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Fig. 3. Result of CoF for the corroded disc burnished with (a) friction material P-1 and (b) friction material P-2. 
 
Fig. 3 shows the two graphs of CoF versus speed for brake testing with Disc A (corroded disc burnished with P-
1) and Disc B (corroded disc burnished with P-2). It can be seen that the CoF values for the friction performance of 
Disc B were slightly higher than the Disc A. This is assumed to be related to the amount of concentrated oxide layer 
on the corroded Disc B which has affected the CoF. This behaviour shows that both discs have their own 
characteristics and significance. It can be assumed that during the initial brake application, the braking torque 
induced by the disc A was less compared to disc B because the friction material easily removed the oxide layer on 
the surface of disc A. However, the friction materials need to induce a little bit more torque to remove the oxide 
layer on the surface of disc B. Thus, that was the reason why the CoF  values for the disc B were higher than disc A 
at the initial stage. 
 
Also Disc B with thicker oxide layer induced higher CoF because the load cell need to vary according to 
thickness of the oxide layer formed. With Disc B, the friction material requires a higher CoF to remove the thicker 
oxide layer from the disc surface. However, for the brake pressure line of 0.5MPa when tested with Disc B as shown 
by the graph in Fig. 3(b), different CoF behaviour was recorded because of the oxide layer on Disc B was assumed 
to be in contact with the brake pad for sometimes due to low pressure applied before they were removed. More 
torque contact occurred with slow removal of oxide layer and this has caused higher friction between friction 
material and disc during the brake application. After several braking applications, the oxide layer on the disc surface 
was completely removed and when the oxide was removed, the brake performance return back to its normal braking 
condition and caused the friction coefficients to return to its normal behaviour. Meanwhile, the pressure line of 
1.0MPa and 1.5MPa shows normal behaviour where its position on the graph is almost the same because of the 
higher brake pressure that assisted friction to remove the oxide layers quickly and thus, did not affect much the CoF 
values. 
 
4. Conclusions 
 
The corrosion process was studied and the corroded discs effect on the frictional performance was investigated using 
a single-end brake dynamometer test rig. The following conclusion can be made: 
x The friction material composition has significant effect on the disc corrosion. 
x Oxide layer formed on disc burnished with friction material P-2 was more concentrated and thicker 
compared to the disc burnished with friction material P-1. 
x Higher value of CoF of Disc B is related to the amount of oxide layer that the friction material needs to 
remove before returning to normal braking condition (without the presence of oxide layer). 
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